INTRODUCTION {#sec1-1}
============

Elie Metchnikoff in 1892 proposed his "cellular (phagocytic) theory of immunity" which stated that white blood cells were critical elements of the immune system which protected individuals from invading pathogenic organisms.

Human macrophages function in both nonspecific defense (innate immunity) as well as help initiate specific defense mechanisms (adaptive immunity) of vertebrate animals. They stimulate lymphocytes and other immune cells to respond to pathogens. Macrophages can be identified by specific expression of a number of proteins including CD14, CD11b, F4/80 (mice)/EMR1 (human), Lysozyme M, MAC-1/MAC-3, and CD68 by flow cytometry or immunohistochemical staining. Macrophages are believed to help cancer cells proliferate as well. They are attracted to oxygen-starved (hypoxic) tumor cells and promote chronic inflammation. Inflammatory compounds such as tumor necrosis factor (TNF) released by the macrophage activate the gene switch nuclear factor-kappa B. NF-kB then enters the nucleus of a tumor cell and turns on production of proteins that stop apoptosis and promote cell proliferation and inflammation

TAMS RECRUITED TO TUMOR {#sec1-2}
=======================

Macrophages---TAMs \[tumor-associated macrophages\]---are recruited to tumors by growth factors and chemokines, which are often produced by the cancer cells and stroma cells in the tumor. Macrophages are an important component of the innate immune system and are derived from myeloid progenitor cells called the colony-forming unit granulocyte-macrophage in the bone marrow.\[[@ref1]\]

These progenitor cells develop into promonocytes and then differentiate into monocytes. Monocytes then migrate through the circulatory system into almost all tissues of the body, where they differentiate into tissue macrophages.\[[@ref2]\] Examples of tissue macrophages include Kupffer cells in the liver and alveolar macrophages in the lung. It is thought that TAMs are mostly derived from peripheral blood monocytes recruited directly to the tumor, rather than derived from local tissue macrophages.\[[@ref3]\] A number of monocyte chemoattractants derived from tumors have been shown to correlate with increased TAMs numbers in many human tumors.\[[@ref4]\] Such monocyte chemoattractants include CSF-1, the CC chemokines, CCL2 (formally monocyte chemoattractant protein-1), CCL3, CCL4, CCL5 and CCL8, vascular endothelial growth factor (VEGF), macrophage inflammatory protein-1 alpha (MIP-1α), and macrophage migration inhibition factor (MIF).

TAM: ITS ROLE IN CANCER INVASION AND METASTASIS {#sec1-3}
===============================================

Clinical studies have shown a correlation between the number of TAMs and poor prognosis for breast, prostate, ovarian, cervical, endometrial, esophageal, and bladder cancers.\[[@ref3]\] TAMs are also associated with increased angiogenesis or lymph node metastasis in cancer tissues. These observations accord with the results of animal studies using macrophage-depleted mice to investigate the role of macrophages in tumor progression.\[[@ref1]\] The data for lung cancer, gastric cancer, and glioma are controversial.\[[@ref3]\] TAMs density correlated positively with tumor IL-8 expression and intratumoral microvessel density in non-small cell lung cancer (NSCLC) and TAMs level was also associated with short relapse-free patient survival.\[[@ref4]\]

The cytokine profiles of microenvironment and localization of TAMs reside may influence the function of TAMs and thereafter the prognostic value of TAMs.\[[@ref5]\] Shih *et al*. particularly paid attention to counting macrophages within gastric carcinoma stroma and islets and found that tumor islet-infiltrating macrophages (indicated TAMs which invaded into tumor nest) were associated with better survival.\[[@ref3]\] Voronov *et al*, Schioppa *et al*. recently evaluated the relationship of tumor islet macrophage and patients' survival in NSCLC and showed that tumor islet macrophage density and tumor islet/stromal macrophage ratio emerged as favorable independent prognostic indicators in patients with NSCLC. In contrast, increasing stromal macrophage density was an independent predictor for reduced survival.\[[@ref5][@ref6]\]

The findings indicate that the exact microanatomic localization of these inflammatory cells is critical in determining the relationship to prognosis. There was some experimental evidence to support this point. Macrophages were attractive by colony-stimulating factor 1 (CSF-1) expressed by cancer cells. Shih *et al*. reported that most of the mice implanted with glioma cells expressing cell surface-bound CSF-1 survived; in contrast, all mice that were implanted with glioma cells expressing soluble form of CSF1 died \[[Figure 1](#F1){ref-type="fig"}\].

![Illustrating functions, role, and products of macrophages](AMS-1-150-g001){#F1}

INTERACTION OF TAMs AND CANCER CELLS ENHANCES INVASIVENESS OF CANCER {#sec1-4}
====================================================================

TAMs promote cancer metastasis through several mechanisms, including:

Promotion of angiogenesis,Induction of tumor growth, andEnhancement of tumor cell migration and invasion.

The mechanisms of TAMs-promoting angiogenesis and tumor growth have been well reviewed by several articles.\[[@ref1][@ref2][@ref7]\] Several studies have demonstrated the association between increased tumor vascularity and macrophage infiltration in several human cancers,\[[@ref8]--[@ref10]\] suggesting that TAMs enhance the angiogenic potential of tumors. Macrophage infiltration has been shown to correlate with vessel density in endometrial, ovarian, breast, and central nervous system malignancies. The potential angiogenesis factors secreted by TAMs have been shown to include chemokines (IL-8, MIF, etc.), VEGF, TNF-α, and thymidine phosphorylase. TAMs also produce a wide variety of growth factors that can stimulate cancer growth.\[[@ref10]\]

TAMS-DERIVED PROTEASES {#sec1-5}
======================

In mammary tumors, macrophages are present in areas of invasion and basement membrane breakdown during the development of early-stage cancer regulation of proteolytic enzymes in macrophages present in these locations indicates that TAMs could be involved in the invasion of tumor cells into surrounding normal tissue.\[[@ref11]\]

It has been generally assumed that tumor cell-derived matrix metalloproteinases (MMPs) are important to allow cancer cells to penetrate the basement membrane and invade the ECM and metastasize. MMPs are a family of matrix degrading enzymes including collagenase (MMP-1), gelatinase A (MMP-2), stromelysin (MMP-3), matrilysin (MMP-7), gelatinase B (MMP-9), and other MMPs.\[[@ref12]\] The MMP expression has been implicated in tumor progression through enhancing angiogenesis, tumor invasion, and metastasis.

TAMs have been reported to correlate with the metastatic potential of a variety of human cancers, and they have also been shown to be a major source of MMP-9.\[[@ref12]\] In addition, urokinase-type plasminogen activator is a serine protease synthesized by TAMs in various human tumor types. The levels of urokinase-type plasminogen activator have been shown to correlate with reduced relapse-free and overall survival in cancer. TAMs can also secrete cysteine-type lysosomal proteases. Traditionally, lysosomal cysteine proteases are considered to execute nonspecific bulk proteolysis within the lysosomes. However, there is growing evidence that lysosomal proteases are secreted extracellularly in cancer. Vasiljeva *et al*. demonstrated that macrophages increased cathepsin B (one of cysteine-type lysosomal protease) expression on being recruited to the tumor and thus promoted tumor growth and lung metastasis of polyoma virus middle T oncoprotein (PyMT)-induced breast cancer.

Lin *et al*. used transgenic mouse model to study the effect of depleting macrophage in a breast cancer. In this model, mammary tumors are initiated by the mammary epithelial restricted expression of the PyMT and the mice are homozygous for a null mutation in the CSF-1. Depletion of CSF-1 markedly decreased the infiltration of macrophages at the tumor site and macrophage depletion resulted in slower progression of preinvasive lesions to malignant lesions and reduced formation of lung metastases.\[[@ref13]\] Similarly, using small interfering RNA to inhibit CSF-1 expression in MCF-7 xenografts showed that lower numbers of TAMs were accompanied by a marked reduction in tumor growth and increase of mice survival. Monocytes were recruited into tumor, differentiated into TAMs, and accumulated in hypoxic area of tumor. TAMs respond to hypoxia through upregulation of transcriptional factors such as hypoxia-inducing factors 1 and 2 which activate many mitogenic, angiogenic, and proinvasive genes.\[[@ref3]\]

PARACRINE SIGNALING NETWORKS BETWEEN TAMS AND CANCER CELLS {#sec1-6}
==========================================================

Ostrand-Rosenberg *et al*. have reported that coculture of macrophage with breast cancer cells lead to upregulated production of TNF-α and MMP-2, -3, -7, and -9 in the macrophages subsequently enhanced cancer cells invasion. It was shown that coculture of stimulated macrophages with breast cancer cells led to TNF-dependent activation of c-Jun-NH2-kinase and nuclear factor-B signaling pathways in cancer cells. Downstream targets in tumor cells included MIF and extracellular MMP inducer (EMMPRIN). These proteins then act in turn to enhance the local release of MMPs by macrophages.\[[@ref1][@ref2]\]

It is notable that TAMs promote the proliferation of tumor cells directly by secreting growth factors. They also participate in tumor progression by acting on endothelial cells and thus promoting the neovascularization of the tumor. Tumor-associated macrophages are indeed key protagonists during angiogenesis and promote each step of the angiogenesis cascade.\[[@ref14]\] It may be observed that NK cells and dendritic cells are also activated along with macrophages. But due to immune escape, these cells are incapable of killing tumor cells.

PHENOTYPES OF MACROPHAGES {#sec1-7}
=========================

The role of macrophages has been debated, as some studies were not consistent with the prevailing opinion. It was reported that no association between macrophage count and outcome in NSCLC.\[[@ref15]\]

Furthermore, Ostrand-Rosenberg *et al*. reported that peritumoral infiltration of macrophages in colorectal cancer was associated with less lymph node metastasis and good prognosis.\[[@ref1]\] These conflicting results may reflect the different methods of assessment used, and in some cases differences in the number, grade, and stage of tumors and the small sample size included in some studies. However, there is a fundamental question about these conflicting clinical observations, i.e., are all TAMs the same?

Macrophages are released from the bone marrow as immature monocytes. After circulating in the blood, they are recruited by chemokines into the tissue and undergo differentiation into macrophages\[[@ref7]\] and they can exhibit a variety of phenotypes and functions, depending on the physiologic or pathologic situation to which they are recruited. These various functions, essential for tissue remodeling, inflammation, and immunity, include endocytosis of foreign and necrotic debris, cytotoxicity, and secretion of more than 100 different substances.\[[@ref1]\] Indeed, depending on their activation, macrophages are able to secrete growth factors, cytokines, proteases, or complement components. Moreover, specialization and activation of these cells are largely influenced by local stimuli. These can be delivered by cytokines, by the engagement of adhesion molecules, or by macrophage interaction with pathogens.\[[@ref3]\]

On the basis of their activation state, macrophages can be referred to as Type I or Type II cells. The differences displayed by macrophages in term of receptor expression, cytokine production, and functions define these two populations. Numerous studies have permitted classifying Type I macrophages (M1) as cells capable of producing large amounts of proinflammatory cytokines, expressing high levels of MHC molecules, and implicated in the killing of pathogens and tumor cells. The M1 macrophages induce antitumor responses as a result of secretion of IFN-γ, IL-12, or TNF-α. They are identified by using the IHC marker MIC-1.

In contrast, Type II macrophages (M2) moderate the inflammatory response, eliminate cell wastes, and promote angiogenesis and tissue remodeling. M2 macrophages suppress immune response as a result of secretion of TGF-β or IL-10 and stimulate angiogenesis and tumor growth as a result of secretion of IL-17, IL-23, vascular endothelial growth factors (VEGFs), fibroblast growth factors (FGFs), or endothelium. They are identifies using IHC marker MIC-2 \[[Figure 2](#F2){ref-type="fig"}\].

![Macrophages can further differentiate into angiogenic (M2) or inflammatory (M1) phenotypes, depending on the environment of the tumor](AMS-1-150-g002){#F2}

The macrophages present in neoplastic tissues which are referred to as TAMs mainly belong to the M2 population.\[[@ref16]\] Either macrophage types or their monocyte progenitors are recruited to the tumor mostly from the blood circulation, although macrophages may also migrate to tumors from the surrounding tissue.\[[@ref17]\]

CHEMOKINES IMPLICATED IN THE RECRUITMENT OF MACROPHAGES INTO THE TUMOR {#sec1-8}
======================================================================

Most of monocytes, which become TAMs in the tumor, are attracted from the circulation into the tumor mass by the chemokines CCL2 (MCP-1) and CCL5 (RANTES).\[[@ref2][@ref18]--[@ref20]\] CCL2 has been described first as a tumor-derived chemotactic factor for monocytes and isolated from culture supernatants of human and murine tumor cell lines. It can be detected in several tumors, such as sarcomas, gliomas, breast, and ovary carcinomas and melanomas. CCL2-deficient mice display abnormalities in monocyte recruitment in an inflammatory model, as well as delayed wound angiogenesis.\[[@ref21]\] However, the number of macrophages within the wounded site is not affected by the absence of CCL2, suggesting that the monocyte recruitment into wounds is independent of the chemokine CCL2. Nevertheless, one could not exclude that CCL2 plays a critical role in healing wounds by activating macrophages or by acting on distinct cell types other than macrophages\[[@ref22][@ref23]\] \[[Figure 3](#F3){ref-type="fig"}\].
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ROLE OF TAMS IN TUMOR GROWTH {#sec1-9}
============================

The functions of TAMs within the tumor site are various and sometimes paradoxal. Initially, it was considered that the main function of TAMs was to exert direct, cytotoxic effects on tumor cells, and to phagocyte apoptotic cells and waste products. Now it became clear that monocytes can differentiate into "friendly" M1 macrophages, which initiate tumor rejection or "foe" M2 TAMs, which stimulate tumor growth, metastasis, and angiogenesis.\[[@ref24]\]

STIMULATION OF TUMOR GROWTH BY M2 TAMS {#sec1-10}
======================================

By the means of their secretory products, M2 TAMs stimulate tumor growth. This can be done directly by producing cytokines able to stimulate the proliferation of tumor cells or indirectly, by stimulating endothelial cell proliferation and angiogenesis. As an example, the growth of subcutaneous Lewis lung tumors is impaired in the CSF-1-deficient, macrophage-deficient mice, indicating a role for macrophages in tumor growth.\[[@ref25][@ref26]\]

Moreover, treatment of tumor-bearing mice with human recombinant CSF-1 corrects this impairment. M2-TAMs and tumor cells also produce immunosuppressive cytokine TGF-α which effectively blunts the antitumor response by cytotoxic T cells. Finally, TAMs have also been implicated in the proteolytic remodeling of the extracellular matrix (ECM), which is important at several points during multistage progression of tumors.\[[@ref1][@ref27][@ref28]\]

TUMOR-ASSOCIATED M2 MACROPHAGES AND METASTASIS {#sec1-11}
==============================================

The percentage of TAMs within a tumor has been positively correlated with the metastatic potential of the tumor, suggesting a role for TAMs in the distant dispersion of tumor cells. Indeed, monocytes secrete enzymes capable of degrading the ECM, such as the MMP-19 and the urokinase-type plasminogen activator receptor (uPAR). By relaxing the connective tissue surrounding the tumor, these molecules allow tumor cells to detach from the tumor mass and to disseminate, leading to the formation of distant metastases. Moreover, by favoring angiogenesis and lymph angiogenesis, increase the availability for tumor cells to enter blood or lymphatic vessels and invade distant tissues. This is supported by the fact that tumor vessels exhibit an anarchic organization compared with normal blood vessels with immature, interendothelial junctions, and fenestrations, thus exposing tumor cells to the blood circulation.\[[@ref1]--[@ref3]\]

TAMS: TUMOR MICROENVIRONMENT FOR ANGIOGENESIS {#sec1-12}
=============================================

By secreting a wide range of chemokines, enzymes, and growth factors, M2 macrophages are able to promote each step of the angiogenesis cascade, leading to the formation of new, mature blood vessels It is important to state that the events leading to newly formed vessels are intricate, and macrophage secretory molecules can be implicated in different steps.

Three steps in angiogenic blood vessel formation. TAMs of the angiogenic type \[M-2\] produce a series of factors such as the VEGF, FGF chemokines endothelia IL-17, IL-23, or TGF-β which contribute to angiogenesis in following steps:

Induction of endothelial cell proliferation.Production of metalloproteases, which degrade the vascular basement membrane, allowing sprouting and migration of endothelial cells into the tumor.Tube formation and maturation of new vessel, followed by its stabilization by attaching mural cells.\[[@ref9]\]

CONCLUSION {#sec1-13}
==========

Macrophages are key cells in chronic inflammation. They respond to microenvironmental signals with polarized genetic and functional programs. Macrophages tune inflammation and adaptive immunity, promote cell proliferation by producing growth factors and products of the arginase pathway (ornithine and polyamines), scavenge debris by expressing scavenger receptors, and promote angiogenesis, tissue remodeling, and repair. Other than these functions, it has been confirmed in a number of studies that M2 macrophages, apart from being mediators of chronic inflammation, act as tumor promoters at distinct phases of malignant progression of gastric, mammary, lung, and liver carcinomas. Ongoing research is in process with special emphasis on involvement of macrophages in oral squamous cell carcinoma.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
